ABSTRACT This study was performed to study the impacts of rosemary cold-pressed oil (RCPO) for biostimulating health, growth performance, and intestinal bacterial populations of Japanese quail. The study included 300 growing 1-wk-old Japanese quails. Birds were divided into 3 groups in a complete randomized design experiment that involved 3 levels of RCPO (0, 1.00 and 2.00 mL/kg diet). Results revealed that the addition of rosemary oil numerically increased values of body weight and body weight gain when compared with the control group, particularly the highest level of RCPO (2.00 mL/kg diet). Birds fed diets supplemented with rosemary oil consumed more feed (P ≤ 0.01) compared with those fed the control diet. Feed conversion ratio tended to be improved in rosemary oil groups during the period 3 to 6 wk of age (P = 0.013). The highest level of rosemary oil (2.00 mL/kg diet) had the best impact on all carcass traits studied. RCPO supplementation showed an increase in serum total protein, metabolic hormones levels, while it reduced serum cholesterol and low-density lipoprotein cholesterol, 8-hydroxy-2 -deoxyguanosine, and protein carbonyl levels. Moreover, RCPO increased antioxidative enzymes, and reduced the lipid peroxidation in quail liver. The supplementation of 2 mL/RCPO kg diet showed significant reduction in populations of total cultural bacterial count, coliforms, Escherichia coli, and Salmonella spp. in the ileum when compared to the control. The current results showed that RCPO supplementation to Japanese quails diet could enhance the growth performance and reduce the intestinal pathogenic bacteria. Therefore, RCPO can be a beneficial antimicrobial and growth-promoting feed supplement for the Japanese quail.
INTRODUCTION
There is a strong demand of the natural bioactive molecules, oilseed extracts, and medicinal herbs because of their health-promoting and natural antimicrobial actions against different diseases Abd El-Hack and Alagawany, 2015) . Arumugam et al. (2016) reported the popularity of using the alternative and complementary medicines for treating various human health problems and found that C 2018 Poultry Science Association Inc. Received August 4, 2018. Accepted December 8, 2018. 1 These authors contributed equally to this work. 2 Corresponding author: m.ezzat@zu.edu.eg (MEAE-H); aswelum@ksu.edu.sa (AS). more than 80% of the global population depends on this kind of medication.
Medicinal plants and their bioactive elements are currently attaining importance for human lifestyle, livestock, and poultry production owing to their broad helpful effects for growth promotion, immune stimulation, and health caring systems Abdelnour et al., 2018; Dhama et al., 2018) . Several reports showed beneficial antimicrobial along with the growth biostimulation effects of the medicinal plants and therefore could be used as a replacement of antibiotics Abd El-Hack et al., 2018) . In addition, medicinal plants maintain the balance between the natural existing microbiota and crucial antibacterial role against pathogenic bacteria (Ghazalah and Ali, 2008; Hussein et al., 2018) . Various biological and protective impacts of rosemary 2139 (Rosmarinus officinalis L.) have been reported including growth-promoting, antioxidant, antibacterial, and anti-inflammatory activities (Basmacıoglu et al., 2004; Chun et al., 2014) .
Cold-pressed oils are extracted in modern commercial operations through grinding seeds under pressure by using heavy granite millstones or stainless steel presses. The process occurs under thermoregulation to reduce the heat generated from friction and the temperature must not be elevated above 120
• F (49 • C) or even at lower temperatures. The resultant cold-pressed oils retain the flavor, aroma, nutritional value, and the therapeutic properties (Lutterodt et al., 2010) . Phytogenic feed additives (PFA) are commonly used to increase livestock performance, and are considered now for poultry feeding practices because of their nutritive values, growth promotion, and improving the health and performance of birds .
This study was carried out to investigate the use of rosemary oil in growing quail nutrition as a natural growth-promoting substance. To achieve this purpose, different levels of rosemary oil were added into the basal diet, and studied to determine their effects on growth performance, carcass traits, blood biochemical, and hormone profile as well as specific microbiological profile comparing to the control group.
MATERIALS AND METHODS

Rosemary Oil
Rosemary cold-pressed oil (RCPO) was obtained from local market in Zagazig City (Egypt). Chemical analysis of RCPO was carried out including gas chromatography of fatty acid methyl esters, gas chromatography of sterols, in addition to normal phase high-performance liquid chromatography for separation, identification, and quantification of tocopherols (Ramadan, 2013) .
Extraction and Quantification of Phenolic Compounds
Aliquots of RCPO were dissolved in 5 mL n-hexane and thoroughly mixed with 10 mL methanol-water (4:1, v/v), vortexed for 2 min, and centrifuged at 3,000 rpm for 10 min. The supernatant containing the hydroalcoholic extracts was separated by a Pasteur pipet and was then partially evaporated in vacuo at 30
• C to reach syrup consistency. Residues of lipidic portions were again dissolved in 10 mL methanol-water (4:1, v/v) and the extraction was repeated twice. Hydroalcoholic extracts were then dissolved in 15 mL acetonitrile and were washed 3 times with 15 mL n-hexane. The resultant phenols were partially evaporated in vacuo at 30
• C and were then dissolved in methanol for chemical analysis. Phenolic extracts were dried under nitrogen and were then dissolved in 0.2 mL water. The extract was diluted with (1:30) Folin-Ciocalteu's phenol reagent. After 3 min, 0.8 mL sodium carbonate (7.5% v/v) was added and left for 30 min. Absorbance was recorded at 765 nm using an UV-260 spectrophotometer (Shimadzu, Kyoto, Japan). Calibration was performed with using gallic acid and the results of 3 replicates were expressed as parts per million of gallic acid.
Antimicrobial Activity of Rosemary Oil
Salmonella enterica serotype Enteritidis, Staphylococcus aureus (ATCC 6538), and Escherichia coli (ATCC 8739) were obtained from Egyptian Microbial Culture Collection, Microbiological Resource Center (The Cairo MIRCEN: Ain Shams University, Cairo, Egypt). Each strain was aseptically subcultured in Tryptic Soy broth (TSB: Merck 1.05459, Darmstadt, Germany) and checked for purity onto Tryptic Soy agar plates (Merck 1.05458, Darmstadt, Germany), incubated for 24 h at 37
• C. RCPO was tested for antimicrobial activity against the tested strains by methods of Murray et al. (1995) . Minimum inhibitory concentration (MIC) was evaluated using standard inoculums of 1.5 to 1.0 × 10 5 CFU/mL from each strain (Rex et al., 2001) . Serial dilutions of the RCPO, previously dissolved in 0.1% tween-80, were prepared to final concentrations of 0, 250, 500, 1,000, and 2,000 μg/mL of TSB. To each tube, 0.1 mL of each strain was inoculated and incubated for 24 h at 37
• C. At the end of incubation time, MIC was visually identified as the lowest concentration of the test compound which inhibits the visible growth and confirmed by measuring the OD 600 of all treatments. Tests using sterilized distilled water as negative control and chloramphenicol as positive control were carried out in parallel. All tests were performed in triplicate. Additionally, hole-plate diffusion method was performed to examine the antibacterial activity of RCPO. Bacteria strains were cultured in 250 mL nutrient agar (CM0003, UK), shacked well, and then poured into sterile Petri dishes. After media solidification at room temperature, 6-mm wells were made in the plates by a sterile cork borer. The diluted RCPO in 0.1% tween-80 was placed in each well (0, 50, 100, and 150 μL/mL each) and left at room temperature until the oil diffused. The plates were then incubated at 37
• C for 24 h and the inhibition zones (mm) were measured (Villar et al., 1986) .
Birds and Diets
The current study was carried out at the Research Farm, Department of Poultry, Faculty of Agriculture, Zagazig University, Zagazig, Egypt. The experimental protocols were performed following the recommendations of the Local Experimental Animal Care Committee and approved by the ethics of the institutional committee of Department of Poultry, Faculty of Agriculture, Zagazig University. Growing Japanese quails 1 Growth vitamin and mineral premix. Each 1 kg consists of Vit A, 6,000,000 IU; Vit D3, 1,000,000 IU; Vit E, 5 g; Vit k3, 1 g; Vit B1, 500 mg; Vit B2, 2.5 g; Vit B6, 55 g; Vit B12, 5 mg; pantothenic acid, 5 g; niacin, 10 g, folic acid, 500 mg; biotin, 25 g; choline chloride, 250 mg, Fe, 15 g; Mn, 20 g; Cu, 1.5 g; Co, 100 mg; Si, 50 mg; and Zn, 25 g.
2 Calculated according to NRC (1994) .
(n = 300) of 1-wk-old and average initial BW 24.25 ± 0.73 g were used in a complete randomized design experiment. Animals were divided into 3 groups, each of which was subdivided into 5 replicates with 20 unsexed chicks. Quails were fed the basal diet (Table 1) with or without supplemental oil which formulated to meet birds' requirements according to NRC (1994) from 1 to 6 wk of age. RCPO was supplemented in 3 levels (0, 1.00, and 2.00 mL/kg diet). The experimental quails were either fed plain basal diet with no oil (control), or supplemented with 1.00 or 2.00 mL oil/kg diet. Quails were housed in cages of dimension 50 × 30 × 50 cm 3 with free access to feed and fresh water and 24 h light throughout the experiment.
Data Collection
Individual live body weight (BW) was recorded in the beginning of the experiment and after 3 and 6 wk of age. Body weight gain (BWG) was calculated throughout the experimental periods. Daily feed consumption (DFC) was recorded weekly on a replicate basis to estimate feed conversion ratio (FCR = g feed/g gain).
Mortality was reported daily. At the end of the experiment (6 wk of age), 5 growing quails from each treatment were randomly selected, weighed, and manually slaughtered for carcass examinations. Carcass weight, gizzard, liver, heart, and other total edible parts were weighed and expressed as g/kg of slaughter weight. Then, liver was taken to determine antioxidant parameters.
Biochemical Analysis
Five quails from each treatment were randomly selected, fasted overnight, weighed and slaughtered by sharp knife to complete bleeding. Blood samples (5 mL) were collected into non-heparinized tubes, provided by (El-Gomhouria for Trading Chemicals and Medical Appliances, Governorate St. Zagazig, Sharkia, Egypt), centrifuged at 5,000 rpm (RCF = 3,354 × g) for 5 min. Serum was kept at −20
• C until biochemical analysis.
Liver Functions
Serum samples were used to measure alanine aminotransferase (ALT) and aspartate aminotransferase following the methods described by Breuer (1996) using commercially available kits provided from Biodiagnostic Company (29 El-Tahrir St. Dokki, Giza, Egypt) and a spectrophotometer (Shimadzu).
Proteins and Bilirubin
Total protein and albumin were determined as previously described (Doumas et al., 1981; Hinton et al., 1990 ) using commercial kits. Total globulins were estimated by subtracting the levels of albumin from the level of total proteins. Concentration of total bilirubin and blood urea nitrogen (BUN) was estimated through using commercially available kits. Serum creatinine was determined by the rate of creatinine-picrate colored complex formation (Heinegard and Tiderstrom, 1973) .
Lipid Profile
For lipid profile analysis, serum total cholesterol (Allain et al., 1974) , triacylglycerol (Fossati and Prencipe, 1982) , high-density lipoprotein (HDL) cholesterol (Lopes-Virella et al., 1977) , and free fatty acids (FFA) (Duncombe, 1964) , low-density lipoprotein (LDL) cholesterol concentration (Friedewald et al., 1972) were measured using commercial kits provided from Biodiagnostic Company (29 El-Tahrir St. Dokki, Giza, Egypt) and a spectrophotometer (Shimadzu).
Antioxidant status
The antioxidant and oxidative status of the liver homogenate was determined as previously described . Briefly, 1 g of hepatic tissue from sacrificed quails (5 samples per treatment) was homogenized in chilled potassium chloride (1.17% v/v) for spectrophotometric detection of the concentration of lipid peroxidation marker or malondialdehyde (MDA) and hepatic reduced glutathione (GSH), following the methods of Nair and Turner (1984) and Beutler (1969) , respectively. Hepatic catalase (CAT) and superoxide dismutase (SOD) activities were measured according to the method of Sinha (1972) and Misra and Fridovich (1972) , respectively. The activity of glutathione peroxidase (GPx) in the liver homogenate was measured according to Paglia and Valentine (1967) . In addition, glutathione reductase (GR) and glutathione S transferase (GST) were detected following the guidelines of Goldberg and Spooner (1983) and Habig et al. (1974) 
Hormones activity
Serum insulin, growth hormone, thyroxin (T4), and insulin-like growth factor-1 (IGF-1) levels were estimated using insulin ELISA kits from MyBiosource. com, San Diego, California (Cat No. MBS701713, MBS734089, MBS705497, and MBS703565, respectively) according to the manufacturer's instructions.
Microbiological analysis
Twenty-five grams of dietary samples of experimental groups (0, 1.0, and 2.0 mL RCPO/kg diet) were transferred into a stomacher bag (Seward, London, UK). Samples were homogenized in 225 mL of sterile saline peptone water (1 g/L peptone and 8.5 g/L NaCl) for 3 min. The microbiological analyses were conducted according the procedures of FAO (2013) . Three birds from each replicate were randomly selected to examine the ileal contents (12 cm anterior to the junction with caecum and rectum). Ten grams of the ileal digesta were collected into the stomacher bag, and homogenized with 90 mL of sterile saline peptone water. A 10-fold serial dilution in sterile saline peptone water was made from each sample and used for quantitative microbiological examinations. Duplicates of 1 mL of each dilution were poured on to prepared agar plates. Total culturable bacteria count (TCBC) and total fungi count (TFC) were recorded from plate count agar (Merck, 1.05463, Darmstadt, Germany) at 30
• C for 48 h and Rose Bengal Chloramphenicol Agar (Lab M, 036, UK, supplemented with chloramphenicol, X009) at 25
• C for 5 d, respectively. Violet Red Bile Agar (Biolife, Italy) was used for counting coliform after incubation at 37
• C for 24 h. Escherichia coli were counted on Eosin Methylene Blue agar plates (Merck, Darmstadt, Germany) after incubation at 37
• C for 24 h. Typical colony types and morphological characteristics in the plates were examined. Biochemical assays of indole, methyl red, Voges-Proskauer, and citrate reaction were performed to identify E. coli and Salmonella colonies then confirmation according to the guidelines of ISO 16654 and ISO 6579, respectively (Anonymous, 1991; Anonymous, 2001) . Bacterial population was transferred to Log 10 number by Excel 2010 before statistical analysis.
Statistics
Data were subjected to analysis of variance procedures appropriate for a completely randomized design using the GLM procedures of SPSS (2008) . The model utilized was as follows:
Y ijk = μ + T i + e ij , where Y ijk = an observation, μ = the overall mean, T i = effect of dietary treatments, and e ij = random error. Student Newman Keuls test was used to determine the differences among means. The mean values and standard error are reported. P values < 0.05 were considered statistically different.
RESULTS AND DISCUSSION
Bioactive Phenolic Compounds in RCPO
Cold-pressing extraction of rosemary retains oil with natural antioxidants freed from chemical contamination. Cold-pressing procedure has become an alternative to the conventional practices due to the consumers' demands for natural and healthy food products. RPCO contains high levels of phenolics (∼3.5 g/kg) which can be a good source to provide nutrition and health benefits. Polyphenolic compounds are present in vegetable oils and required for oxidative stability of the PUFA and provide natural antioxidants that play a role in improvement of the general health of the consumer. The antioxidative activity is due to their redox potential, neutralization of the free radicals, and reactive oxygen species (Bettaieb et al., 2010) .
Antibacterial activity of RPCO
RPCO showed an antibacterial activity against Gram-positive bacteria i.e., Staph. aureus (inhibition zone of 14.7 ± 0.26 mm) and Gram-negative bacteria i.e., E. coli and S. enterica (inhibition zones of 13.12 ± 0.19 and 12.24 ± 0.26 mm, respectively). The MIC against the studied bacteria was about 100 to 200 μg/mL. Initially, we found that RCPO at concentration of 2.0 mL/kg exhibited a maximum inhibitory effect on bacterial pathogens (P < 0.05). Consequently, the concentrations 1.0 or 2.0 mL/kg were chosen for the subsequent experiments.
Growth
The effect of rosemary oil supplementation on growth performance parameters (BW, BWG, DFC, and FCR) is presented in Table 2 . No differences were observed for BW or BWG at the whole experimental period and the intervals except BWG at the second half of the experiment (3 to 6 wk of age) which was statistically (P < 0.05). Albeit not significant, the addition of rosemary oil to growing Japanese quail's diets numerically increased values of BW and BWG compared to the control group, particularly the highest level of rosemary oil supplementation (2.00 mL/kg diet). This increase in BW and BWG could be attributed to improved DFC due to rosemary oil addition (Table 2 ). Abd El-Hack et al. (2015) observed that supplementing the diet of meat-type quail with 0.75 g/kg diet of oil mixture including rosemary oil slightly declined values of BWG but the higher level (1.5 g/kg diet) improved BWG by 5.27 and 3.85% at the second (3 to 6 wk of age) and the whole period of experiment (1 to 6 wk of age), respectively, compared to the control group. In line with our results, Alagawany and Abd El-Hack (2015) found no significant effect on BW or BWG of laying hens due to different levels of dietary rosemary herb. Birds fed diets supplemented with rosemary oil consumed more feed (P < 0.01) compared with those fed diet free of rosemary oil. Rosemary herb or extract has an attractive odor which makes the feed more palatable. The aforementioned information may be the reason for the improved DFC. In agreement, Abd El-Latif et al. (2013) noticed that DFC increased (P < 0.05) in broilers' diets supplemented with 0.1 or 0.2 g rosemary oil/kg diet compared to non-supplemented diet. Moreover, Abd El-Hack et al. (2015) found that DFC directly correlated with the level of oil in the diet (P < 0.01) and might be attributed to the increased palatability from these medicinal herbs. On the other hand, Cho et al. (2014) showed no effect of PFA supplementation on broilers' feed intake or FCR compared to the control group.
As shown in Table 2 , FCR tended to be improved in rosemary oil groups. This improvement reached the significance level (P < 0.05) only at the second period, while it was insignificant at the other experimental periods. The extracts derived from medicinal plants were reported to enhance the digestive enzymes secretion and consequently improve the digestibility of different nutrients; this may explain the improvement of FCR in growing quails fed diets supplemented with rosemary oil. It is worth noting that the essential oils could improve the secretion of amylase, trypsin, and jejunal chime (Jang et al., 2004) and could decrease the attachment of pathogens such as C. perfringens and E. coli with the intestinal wall as authorized by Jamroz et al., 2006 and Nikaido (2003) . Previous reports of Singletary and Rokusek (1997) 
Carcass
All carcass traits studied were statistically (P < 0.01) differed due to the treatment with rosemary oil (Table 3 ). In apart from gizzard and hart %, the dietary levels of rosemary oil (1 and 2 mL/kg diet) achieved the best values of dressing, carcass, giblets, and liver compared to the control group. Gizzard and hart % were increased by rosemary oil supplementation at 1 and 2 mL/kg diet, respectively. It is noticeable that the high level of rosemary oil (2 mL/kg diet) had the best impact on some carcass traits studied when compared with the control and the low level. Similar results were obtained by Abd El-Hack et al. (2015) who found that the best values of giblets and dressing percentages were found in growing Japanese quails fed diets supplemented with a mixture of cold oils including rosemary oil. Authors showed that supplementing quails' diet with 1.5 g oil mixture/kg diet gave the best carcass percentage (71.03%), which improved by 3.72% when compared with the control diet.
Biochemical Analysis
The dietary supplementation of RCPO at level of 2 mL/kg significantly increased the level of total protein, albumin, globulins, and the total protein per gram tissue in the quails (Table 4) . Additionally, diet supplementation with RCPO showed significant increase in HDL-c levels, while it significantly reduced the levels of ALT, cholesterol, triglycerides, LDL-c, and FFA levels in a dose-dependent manner (Tables 5 and 6 ). These results indicate that RCPO has improved the protein, lipid metabolism, and liver functions and subsequently influence general health of the quails. The current results agree with Polat et al. (2011) , who found a hypocholestermic effect of rosemary oil in broilers. Moreover, Torki et al. (2018) found that rosemary oil showed hypolipidemic effects on laying quails and reduced both cholesterol and triglycerides. Additionally, results of Table 7 showed that diets supplemented with 1 and 2 mL RCPO/kg significantly reduced the levels of urea and creatinine, while level of 1 mL/kg significantly reduced 8-OHdG and protein carbonyl levels when compared with the other 2 groups. Interestingly, indicators of oxidative damage in the serum and the antioxidant status of liver homogenate were significantly improved in quails supplemented with 1 and 2 mL RCPO/kg diet (P < 0.05, Table 8 ). A significant increase in GSH levels and the activities of CAT, SOD, GPx, GR, and GST were observed in oil-supplemented groups when compared with control group (P < 0.05). Conversely, hepatic MDA concentration in quails supplemented with 1 and 2 g RCPO/kg diet revealed a significant decrease (P < 0.05), when compared with the control group. This might indicate anti-oxidative effects as clearly appearing in the reduction of lipid peroxidation, DNA, and protein damage that subsequently improve the defense against the oxidative stress and improve the general performance of the quails. Rosemary has high amounts of a rosmarinic acid, flavonoids, and phenolic acids (Bicchi et al., 2000; Ho et al., 2000) that have antioxidant capacities. These results coincide with that of Cetin et al. (2017) and Galobart et al. (2001) who found that rosemary volatile oil supplementation positively affected the oxidative stress markers in Pharaoh (Coturnix coturnix Pharaoh) quails and hens, respectively. Recently, Türk et al. (2016) showed the antioxidative capabilities of rosemary oil against heat stress-induced lipid peroxidation in quails. Additionally, Bulbul (2012) showed the antioxidative effects of combined supplementation of rosemary and oregano oils in quails. Moreover, levels of metabolic hormones (insulin, growth hormone, thyroxine hormones, and IGF-1) showed significant increase in RCPO-supplemented quails in a dose-dependent manner (P < 0.05, Table 9 ). Elevation in hormone levels is responsible for growth stimulation and the state of positive nitrogen balance in the domestic fowl (Meserve, 1992) . Interestingly, increasing insulin levels and the anti-diabetic effect of rosemary oil has been presented in recent works (Azevedo et al., 2011; Naimi et al., 2017) and requires further attention either for the quail and poultry production and for human being as well.
Impact of RPCO on Microbiological Findings
The results that are presented in Table 10 showed the antimicrobial activity of dietary supplemented with RCPO against TCBC, coliform, E. coli and Salmonella populations. Whereas, increasing RCPO level in the diet significantly decreased E. coli and Salmonella with approximately 1.02 to 1.08 Log 10 CFU/g and decreased TCBC (∼1.1 Log 10 CFU/g) without affecting on the populations of beneficial bacteria. Supplementation of broilers' diet with rosemary leaves powder showed a strong antibacterial activity against Gram-positive and Gram-negative bacteria (Ghazalah and Ali, 2008) . The antibacterial activities of herbal bioactive extracts such as compressed oils are due to their polyphenolic contents (Alzoreky and Nakahara, 2003; Ahn et al., 2004) . The rosemary oil in the current study was found to be rich in phenolics (3.5 to 3.7 g/kg) which might serve as potential natural antibacterial agents to suppress the potential intestinal pathogenic bacteria (Luther et al., 2007) . The rosmarinic acid and phenolic compounds in RCPO have a strong antibacterial activity against S. typhi and Staph. aureus (Conner, 1993) . These phenolic compounds and rosmarinic acid may alter the pH gradient and membrane potential of bacterial cells (Oosterhaven et al., 1995; Burt, 2004) resulting in disturbing the bacterial metabolism. Several in vitro studies showed that cold-compressed oil inhibited the growth of Gram-negative and Gram-positive bacteria (Ramadan, 2013; Hassanien et al., 2014; Mahgoub et al., 2017) . Suppression of pathogenic microorganisms will positively support growth and metabolism of beneficial microbes and subsequently improve the quail growth performance observed in this study.
Effects of RCPO of 1.0 and 2.0% v/w on the proliferation of total bacterial count (TBC), total yeasts and molds (TYMC), coliform and E. coli are shown in Table 11 . The TBC, TYMC, coliform and E. coli in the basal diet supplemented with RCPO were varied differences (P < 0.05) between dietary treatments. The basal diet supplemented with 2.0 g/kg of RCPO decreased all the microbial populations with level 1.0 to 1.5 Log 10 CFU/g. Also, the TBC, TYMC, coliforms, and E. coli increased significantly (P < 0.05) in the control group. On the other hand, supplementing the RCPO at level 1.0 or 2.0% v/w to basal diet delayed the proliferation of microorganisms. Also, the addition of rosemary extract delayed the bacterial and fungal growth in poultry products (Karpińska et al., 2000) . Studies showed that rosemary leaves contain essential oil of 1.4 to 1.6% and the main active components are camphor, alpha pinene, and cineole (11 to 16, 15 to 20, and 30 to 35%, respectively), which exhibit a high degree of antibacterial and anti-fungal activities (Ghazalah and Ali, 2008) . The current results showed that diet supplementation with RCPO to growing Japanese quail increased feed intake and improved carcass characteristics. Moreover, supplementation of diet with 1 and 2 mL RCPO/kg significantly improved liver functions and decreased serum BUN, creatinine, total cholesterol, triacylglycerol, LDL-c, and FFA and increased the concentration of HDL-c. RCPO supplementation showed antioxidative effects in terms of increasing GSH level and activities of SOD, GPx, GR, and GST and decreasing the concentration of MDA, 8-OHdG, and protein carbonyl levels. RCPO elevated the metabolic hormones which directly affect the growth and nitrogen balance in quails. Results also emphasized that increasing RCPO levels significantly reduced the intestinal TBC, coliform, E. coli, and Salmonella populations.
CONCLUSIONS
Collectively, RCPO supplementation is recommended at level up to 2 mL/kg diet to improve the health status of the growing Japanese quail. Regarding the growth performance parameters, the statistical Table 11 . Total bacterial count (TBC), coliform, E. coli, and total yeasts and molds count (TYMC) populations in dietary rosemary oil supplementation using for growing Japanese quails. analysis showed non-significant effect of RCBO on live BW, BWG, and FCR, during the overall period (1 to 6 wk of age).
